Background: Treatment options for patients with metastatic gastroenteropancreatic neuroendocrine tumours (GEP NETs) are still limited. We investigated the antitumour activity and safety profile of pazopanib -a multitarget drug with anti-angiogenic activity in patients with metastatic GEP NETs.
Gastroenteropancreatic neuroendocrine tumours (GEP NETs) are a heterogeneous group of malignancies derived from neuroendocrine cell compartments in various organs. Data from recent population-based studies demonstrate a significant increase in the reported incidence of NETs over time and the incidence ranges from 2.5 to 5 cases per 100 000 in Caucasian population. (Hemminki and Li, 2001; Lepage et al, 2007; Hauso et al, 2008; Yao et al, 2008a) On the basis of a survey of 13 175 carcinoids by the SEER Program from 1973 to 1999, the greatest incidence of carcinoids was in the gastrointestinal (GI) tract (67.5%) and the bronchopulmonary system (25.3%) (Modlin et al, 2003) . Within the GI tract, most carcinoid tumours occurred in the small intestine (41.8%), rectum (27.4%) and stomach (8.7%) (Modlin et al, 2003) . According to several epidemiologic studies including ours, (Lim et al, 2011) there is a geographic variation in the anatomic origin of GEP NETs. In unresectable or metastatic GEP NETs, systemic treatment options have been severely limited (Naraev et al, 2012) .
Gastroenteropancreatic neuroendocrine tumours are known as hypervascular tumours with increased expressions of vascular endothelial growth factor (VEGF) and VEGF receptors (VEGFRs) (Terris et al, 1998) , which are associated with poor prognosis. The presence of VEGFR-2 was detected in B48% of carcinoid tumours, with the highest expression in foregut and hindgut carcinoids. A modest clinical activity with bevacizumab, a monoclonal antibody targeting VEGF, has been observed in advanced neuroendocrine tumours in phase II studies. A randomised phase II study that compared bevacizumab with interferon alpha treatment has demonstrated a response rate of 18% with a trend towards longer progression-free survival (PFS) in bevacizumab arm (Yao et al, 2008b) . Most recently, a phase II study on bevacizumab and temozolomide combination treatment showed a response rate of 15% and a median PFS of 11.0 months in 34 GEP NET patients including poorly differentiated (G3) NET (Chan et al, 2012) . In pancreatic NET, continuous administration of sunitinib was compared with placebo in a phase III trial of 171 patients suffering from pancreatic NETs, and median PFS was significantly prolonged in the sunitinib arm (11.4 vs 5.5 months) (Raymond et al, 2011) . On the basis of these data, sunitinib was approved in the United States for the treatment of progressive, welldifferentiated pancreatic NET patients.
Pazopanib (GW786034; GlaxoSmithKline, Stevenage, UK) is a novel oral multitargeted tyrosine kinase inhibitor with a wide range of activities that are mediated through VEGFR types 1, 2 and 3, platelet-derived growth factor receptors a and b, and stem-cell factor receptor (c-Kit) (Kumar et al, 2009; Hamberg et al, 2010) . In a phase I pazopanib trial with 63 patients, one patient with neuroendocrine tumour (primary not specified) demonstrated a partial response (PR) to pazopanib (Hurwitz et al, 2009) . In a preliminary report on phase II pazopanib for pancreatic NETs, the response rate of 17% was reported (Phan et al, 2010) .
In contrast to pancreatic NETs, there are very limited data on the efficacy of tyrosine kinase inhibitors in non-pancreatic NETs. Given the high incidence of non-pancreatic NETs, such as those originating from colorectum and small intestine, the antitumour efficacy of molecularly targeted agents should be tested in nonpancreatic NET patients, who could potentially benefit from TKIs. Hence, we designed a phase 2 study of pazopanib in patients with metastatic GEP NETs to assess the safety and efficacy of pazopanib.
MATERIALS AND METHODS
Patients. Eligibility criterion included a histologically confirmed diagnosis of advanced (metastatic) GEP NET, which is not amenable to locoregional therapies including transarterial embolisation or radiofrequency ablation. Histological grade was categorised as follows: carcinoid tumour or well-differentiated NET was classified as G1 tumour; atypical carcinoid or welldifferentiated neuroendocrine carcinoma was classified as G2 tumour and poorly differentiated neuroendocrine carcinoma was classified as G3 tumour (Klimstra et al, 2010) . In patients with G3 NET, one previous cytotoxic chemotherapy regimen was required to enter the trial. Tumours originating from GI tract or unknown primary site, or nonfunctioning pancreatic islet cell tumour was included. The complete lists of inclusion and exclusion criteria are reported in the protocol. Written informed consent was obtained from all patients. The present study was an investigator-initiated, single-centre study. This study was approved by the Institutional Review Board at the Samsung Medical Center.
Study design. This was a non-randomised, open-labelled, singlecentre phase II study (NCT number 0109954). The primary end point was an objective response rate according to the Response Evaluation Criteria in Solid Tumor (RECIST) version 1.1. The secondary end points were PFS, overall survival (OS) and safety. Correlative biomarker analyses were preplanned in the protocol.
Study treatment. Pazopanib was orally administered at a dose of 800 mg daily continuously with a 28-day cycle. When dose reduction was required, pazopanib was reduced by 200 mg. Treatment was discontinued when disease had progressed, when a participant experienced unacceptable adverse events, when a participant withdrew consent or when drug-related toxicity required treatment interruption for more than 21 days. Pazopanib was permanently discontinued for patients who developed grade 4 toxicities (except for patients with grade 4 anaemia, neutropaenia or thrombocytopaenia, in which cases toxicities were managed with treatment interruption and dose reduction), grade 3 haemorrhage, grade 3 hand-foot syndrome, grade 3 rash, arterial embolism, cerebrovascular accident, QTc X500 ms or pancreatitis of any grade.
Assessments. Tumour responses were assessed by contrastenhanced computed tomography scans of chest and abdomen every 4 weeks for the first 12 weeks of the study-drug administration and every 8 weeks thereafter. Before a status of complete response (CR) or PR was assigned, the tumour measurements were confirmed by another scan no less than, and as close as possible to, 4 weeks following initial documentation of an objective response. An independent radiological review was performed by a board-certified radiologist using RECIST 1.1. Positron-emission tomography (PET) scans using 18 F-fluorodeoxyglucose (FDG) at baseline were recommended in the protocol. Patients were observed until death or study closure. Toxicities were assessed according to the NCI CTCAE v4.0.
Correlative laboratory analysis. Serum CgA was assayed before commencement of the study drug. Pretreated archival tissue was collected and assayed for Ki-67 and PHH3 expression by immunohistochemistry. Immunohistochemistry was performed in 4 mm sections of paraffin-embedded archival tissue on Leica BOND-MAX and BOND-III automated IHC staining systems (Leica Microsystems, Wetzlar, Germany). As a primary antibody, MIB1 (DAKO, Glostrup, Denmark; 1 : 300 dilution) was used for Ki-67 staining and 3H10 (Millipore, Bellerica, MA, USA; 1 : 2000 dilution) was used for PHH3. The staining of both Ki-67 and PHH3 was evaluated by counting positive cells, and the percentage of positive tumour cell nuclei was counted in at least 100 cells for each case (magnification Â 400, field size 0.18 mm 2 ) in selected 'hot spot' areas.
Statistics. To test the null hypothesis of response rate of 5% and an alternative of 25% with a type I error rate of 5% and type 2 of 10%, 30 patients were required. Considering a 15% drop-out rate, 35 patients were planned to be accrued. Progression-free survival and OS were estimated using the Kaplan-Meier method and compared by the log-rank test. The PFS was estimated from the date of the first administration of pazopanib to death, documented progression or the date of the last follow-up visit. The OS was defined as the time from the date of the first administration of pazopanib to death or the date of the last follow-up visit. All statistical analyses were performed using the SPSS software (IBM SPSS Statistics for Windows, Version 20.0; IBM Corp, Armonk, NY, USA).
RESULTS
Patients and treatment outcome. Between April 2010 and February 2012, a total of 37 patients were enrolled. At the time of enrollment, 30 of the 37 patients had documented progressive diseases within 3 months and the other seven patients at the time of first diagnosis. Patient characteristics are shown in Table 1 . Eight patients (22%) had G1, 16 (43%) had G2 and 13 (35%) had G3 GEP NETs originating from different primary sites, with pancreatic site (n ¼ 12) being the most common one followed by colorectal site (n ¼ 8, 22%). Other primary sites were stomach (n ¼ 4), duodenum (n ¼ 3), liver (n ¼ 5) and gall bladder (n ¼ 1); in four cases, primary sites were unknown. All patients had metastatic disease at the time of study treatment.
Of the 37 patients enrolled on to the study, 3 patients were not assessable for treatment response. By an intent-to-treat analysis including all patients, an overall response rate of 18.9% was demonstrated (95% CI, 8.0-35.2%), with zero CR and seven PRs. Stable disease (SD) was achieved in 21 (56.8%) patients. The overall disease-control rate (CR þ PR þ SD) was 75.7% (95% CI, 58.8-88.2%) ( Table 2 ). Sixteen percent of the patients progressed to pazopanib. As shown in the waterfall plot ( Figure 1A ), tumour shrinkage of target lesions was observed in 22 patients (59.5%) when compared with the baseline tumour measurement according to RECIST 1.1. In three patients, more prominent tumour volume reduction was noted (by 37%, 45%, and 54%, respectively), according to the RECIST criteria version 1.1. A separate independent review was performed by an expert radiologist who was blinded of the treatment response or treatment outcome ( Figure 1B ). The independent review demonstrated a higher overall response rate of 24.3% (95% CI, 11.8-41.2%), with nine confirmed PRs. A disease-control rate (CR þ PR þ SD) from an independent review was 73% (95% CI, 55.9-86.2%). Hence, there was no significant difference in the overall response rate between investigators and an independent radiologist (18.9% and 24.3%, respectively). After a median follow-up duration of 31.2 months (range, 13.5-100 months), the median PFS was 9.1 months (95% CI 4.9-13.3 months) (Figure 2 ). The median OS was not reached at the time of analysis.
Toxicity. The safety population included patients who were treated with at least one dose of the study drug. In total, 37 patients were evaluable for toxicities (Table 3) . The most common grades 3 and 4 AEs were proteinuria (11%), neutropaenia (8%), hypertension (5%), diarrhoea (5%), anorexia (5%), abdominal pain (5%) and AST/ALT elevation (5%). There was no treatment-related mortality.
Biomarker analysis. All biomarker analyses were preplanned. Baseline serum CgA level before the study treatment was measured in 29 patients. The median CgA value for this study population was 110 ng ml À 1 (range, 30-800 ng ml À 1 ). Patients with low CgA level (o median CgA level) demonstrated a trend towards prolonged survival (median OS 11.7 months) (P ¼ 0.080) ( Figure 3A) . Expression levels of Ki-67 and PHH3 were significantly correlated with statistical significance (Spearman's R correlation coefficient 0.79, Po0.001). The survival according to the Ki-67 index and PHH3 is shown in Figure 3 . Baseline FDG-PET scans were obtained in 18 patients. The maximum standardised uptake value (SUV max ) among all hypermetabolic lesions, the average SUV (SUV ave ) of those lesions and the sum of total lesion glycolysis (TLG) of each hypermetabolic were evaluated. Higher SUV ave X3.8 was associated with considerably poorer OS following pazopanib treatment (median OS 10.8 months vs not reached in patients with SUV ave o3.8, P ¼ 0.039, Figure 3D ). However, SUV max and TLG did not show significant association with treatment response.
DISCUSSION
This phase II pazopanib study demonstrated a PR rate of 18.9% (7 of the 37, 95% CI 8.0-35.2) and a disease-control rate of 75.7% (28 of the 37, 95% CI, 58.8-88.2) in metastatic GEP NETs. This study is the first one to assess the antitumour activity and safety profile of pazopanib in metastatic GEP patients including NETs arising from nonpancreatic GI tract. Currently, the only available data on the efficacy of molecular targeted agents focus on G1 and G2 tumour pancreatic NETs.
The modest overall response rate of 18.9% and high diseasecontrol rate of 75.7% concur with the recently reported response patterns of everolimus (Yao et al, 2011b) and sunitinib for pancreatic NETs (Raymond et al, 2011) . Everolimus monotherapy (10 mg daily) was compared with the best supportive care alone in the placebo-controlled RADIANT-3 trial of 410 patients with advanced progressing pancreatic NET (Yao et al, 2011b) . Everolimus was associated with a significant prolongation in the median PFS (11.0 vs 4.6 months, HR for progression 0.35, 95% CI 0.27-0.45). However, the confirmed objective PR was attained only in 5% and stable disease in 73% for everolimus treatment (Yao et al, 2008a) . Another phase III trial that compared sunitinib with placebo in pancreatic neuroendocrine tumours demonstrated a low response rate of 9.3% (95% CI, 3.2-15.4) and stable disease in 63% of sunitinib-treated patients (Raymond et al, 2011) . The objectiveconfirmed response rate in this study (18.9%) is substantially higher than those reported in the two trials (5-9.3%). One of the plausible explanations for higher response rate achieved with pazopanib would be high number of patients with colorectal NETs, with only one-third of the enrolled patients suffering from pancreatic NET (n ¼ 12) (Raymond et al, 2011; Yao et al, 2011b) . The median PFS (15.5 months) observed in patients with pancreatic NETs treated with pazopanib (n ¼ 12) was comparable to those reported in trials with sunitinib, everolimus and the combination of bevacizumab and temozolomide (median PFS, 11.4, 11 and 14.3 months, respectively). (Raymond et al, 2011; Yao et al, 2011b; Chan et al, 2012) . Of note, we included G3 NET patients who have failed to previous cytotoxic chemotherapy. In G3 NETs, the response rate to pazopanib was 23%. Nevertheless, patients with G3 GEP NETs did not show a durable response to pazopanib, with a median PFS of 5.8 months. On the basis of our results, pazopanib may be considered as a treatment option for selected G3 NET patients with limited treatment choices after failing to undergo cytotoxic chemotherapy. Monitoring of serum CgA during treatment was correlated with tumour response and survival, with various tumour subtypes and treatments such as patients with functional carcinoid tumour following cytoreductive surgery (Jensen et al, 2007) , low or intermediate grade neuroendocrine carcinoma treated with temozolomide and thalidomide (Kulke et al, 2006) , and pancreatic NETs treated with everolimus Yao et al, 2011a) . In our study, low baseline CgA level was associated with longer OS and better responses to pazopanib. Follow-up CgA levels were available in only a fraction of patients -therefore, was not analysed in this paper. In addition, we tested the mitotic index measured with PHH3 IHC for the first time in NET. In this study, we found a good correlation between PHH3 and Ki-67 index, although Ki-67 index was the most significant predictive factor for survival in GEP NETs.
In conclusion, pazopanib showed a comparable efficacy to other targeted agents not only in pancreatic NETs but also in NETs originating from GI tract. In selected G3 patients, pazopanib may be considered as a treatment option in salvage setting. Genomic profiling to identify signal that predicts response to pazopanib in GEP NETs is currently ongoing.
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